—— : morphology of many plains regions appears to be erosional, the geophysics of lo: National Aeronautics and Space
\\\\\\\\\\\\\ materials may be composed of sulfur, sulfur Stevenson, 1985). The general geology of lo was described by presence of debris deposits at the bases of scarps, which would Administration Special Publication 494, p. 11-46.

compounds, or silicates Masursky and others (197?)’ Schaber (1980, 1982,)’ and Nash be likely in a sapping environment, has not yet been confirmed McEwen, A.S., Matson, D.L., Johnson, T.V., and Soderblom,

1270° 90° 270° CONE MATERIAL and others (1986). Volcanic aspects have been discussed by (Whitford-Stark and others, 1990). Alternatively, thermal ero- L.A., 1985, Volcanic hot spots on lo: Correlation with

- Cone material—Forms raised rims surrounding Carr and others (1979), Johnson and others (1984, 1988), sion by lava flows could form the scarps and erosional remnants low albedo calderas: Journal of Geophysical Research,
some occurrences of patera floor material. McEwen and Soderblom (1983), McEwen and others (1985, observed in layered plains material in the south polar region, as v. 90, no. B14, p. 12345-12379.

Typearea: lat35°N., long 307° (Amaterasu 1989), and Carr (1986). proposed by Mouginis-Mark and others (1984). Whitford-Stark McEwen, A.S., and Soderblom, L.A., 1983, Two classes of
Patera). Interpretation: Rim deposits of sili- and others (1990) suggested that the layered plains material volcanic plumes on lo: Icarus, v. 55, no. 2, p. 191-217.
cate pyroclastic materials around volcanic MAPPING TECHNIQUES (referred to as plateau material) consists of stratified pyroclastic Moore, H.d., 1987, Geologic map of the Maasaw Patera area of
vent, or possibly high-yield-strength material Four areas of lo have been mapped geologically at larger deposits that have been modified by a combination of sapping lo: U.S. Geological Survey Miscellaneous Investigations
emplaced as lava flow or erosional remnant scales: the Maasaw Paterd area (lat 35°S.t048°S.,long 335° to and fluid and thermal erosion. Series Map 1-1851, scale 1:1,000,000.
of layered plains 350°) at 1:1,000,000 scale (Moore, 1987); the Ra Patera In addition to eruptive plumes resulting from explosive Moore, J.M., McEwen, A.S., Albin, E.F ., and Greeley, Ronald,
EXPLANATON FLOW MATERIALS quadrangle (lat 5° N. to 20° S., long 290° to 340°) at 1:2,000,000 volcanism, several different types of volcanic flow materials 1986, Topographic evidence for shield volcanism on
< 5 km /pixel % 52 km /pixel \\ - Hummocky material —Massive, thick deposits scale (Greeley and others, 1988); the Ruwa Patera quadrangle have beer? identified on lo. Patera flow material (unit fP) forms 1_01 Icarus, v. 67, no. 1, p. 181-183. ‘
/] N\ with grooved surfaces and lobate distal (lat 50° N. to 50° S., long 270° westward to about long 40°) at narrow, sinuous flows as much as 300 km long that radiate from Morabito, L.A., Synnott, S.P., Kupferman, P.N., and Collins,
scarps of considerable relief. Type area: lat 1:5,000,000 scale (Schaber and others, 1989); and the Lerna central vents and accumulate to form low-relief shield volcanoes. S.A., 1979, Discovery of currently active extraterrestrial
1 5-20km/piel D >20 km/pixel 2° N., long 318° (Carancho Patera). Inter- (south polar) region (lat 45° S. to 90° S.) at 1:5,000,000 scale Other.abundant flows are composed .Of plains-forming flow Avglcanism: Science,. v. 204, no. 439, p. 972.
pretation: Viscous lava flows consisting of (Whitford-Stark and others, 1990). The present photogeologic material (unit fpf); these flows are massive, extend as far as 700 Mouginis-Mark, P.J., Whitford-Stark, J.L., and Head, J.W.,
silicates and possibly sulfur or sulfur com- mapping was completed by compilation and synthesis of these km, and emanated from moderate-size to large calderas. The 1984, New models for landform evolution onlo: National
Approximate resolution of available Voyager images expressed as pounds; alternatively, lavas extruded at low maps and of work in progress by C.A. Wood in the Colchis morphology of this unit suggests that the materials were Aeronautics and Space Administration Technical Memo-
kilometers per picture element effusion rates Regio quadrangle and by extension into unmapped areas. relatively fluid and were erupted at high rates of effusion. randum 86246, p. 32-33.

- Fissure material—Elongate to broad, lobate Several of the units and contact placements on the 1:15,000,000 Lobate flow material (unit fl) and digitate flow material (unit fd) Nash, D.B., Carr, M.H., Gradie, Jonathan, Hunten, D.M., and
deposits of low to moderate albedo; origin- map differ from those of the larger scale maps. All photogeologic have been suggested to have morphologies similar to those of Yoder, C.F., 1986, lo, in Burns, J.A., and Matthews,
ated from linear to curvilinear fissures. Type mapping of lo is based on Voyager 1 and 2 images whose experimental sulfur flows (Greeley and Fink, 1981; Fink and M.S., eds:, Satellites: Tucson, University of Arizona
area: lat45°S., long 352° (Euboea Fluctus). resolutions range from <0.5 km to >20 km/pixel. (See others, 1983). Alternatively, apparent stratigraphic relations Press, p. 629-688.

Interpretation: Consists of silicates, sulfur, resolution diagram.) indicate that the lobate and plains-forming flow materials could Nelson, R.M., Pieri, D.C., Baloga, S.M., Nash, D.B., and Sagan,
or both erupted from linear vent. Low- Conventional planetary photogeological mapping tech- be related and that the lobate flows represent currently active Carl,1983, The reflection spectrum of liquid sulfur: Impli-
albedo deposits overlie older, higher albedo niques (Wilhelms, 1972) were combined with techniques devel- or younger plains-forming flow materials. cations for lo: Icarus, v. 56, no. 3, p. 409-413.

deposits oped for mapping terrestrial volcanoes. However, the lack of Other flow materials on lo (Carr and others, 1979) have Peale, S.J., Cassen, P.M., and Reynolds, R.T., 1979, Melting of

- Digitate material—Mottled deposit of apparently systematic topographic data hindered interpretations, especially accumulated to form tholus (unit ft), shield (unit fs), fissure o by tidal dissipation: Science, v. 203, no. 4383, p.
moderate relief associated with circular in defining superposition relations and flow directions. Individual (unit ff), and hummocky (unit fh) materials. Most features 892-8%4.
depression and having low-albedo, fingerlike volcanic centers were identified and their associated flows were identified as shields are inferred as such from their planimetric Pearl, J.C., and Sinton, W.M., 1982, Hot spots of lo, in
flows emanating from its margins. One occur- mapped. Types of volcanoes and vents were defined by their form, but at least one feature that has a classic shield profile has Morrison, David, ed., Satellites of Jupiter: Tucson, Uni-
rence mapped at lat 12° S., long 303° (Kibero morphologies to provide a basis for interpreting styles of been noted (Moore and others, 1986). (Although the large-scale versity of Arizona Press, p. 724-755.

Patera). Interpretation: Lava flows, pyro- volcanism and the general volcanic history. As in mapping topography of lo is known (Gaskell and others, 1988), the lack Pieri, D.C., Baloga, S.M., Nelson, R.M., and Sagan, Carl, 1984,
i 180° clastic flows, or both, consisting of silicates, terrestrial volcanoes, mapping on lo is complicated because of systematic, local topographic information prohibits assess- Sulfur flows of Ra Patera, lo: Icarus, v. 60, no. 3, p.
0 sulfur, or both flows from adjacent vents coalesce and interfinger, making it ment of more detailed morphology.) Schaber (1982) noted that 685-700.
SCALE 1:8 388 000 (1 mm = 8.39 km) AT +56° LATITUDE SCALE 1:8 388 000 (1 mm = 8.3 km) AT £56° LATITUDE - Shield material—Forms circilar feature with difficult to distinguish flow sequences and relative ages of shieldlike volcanoes tend to be limited to the region between lat Sagan, Carl, 1979, Sulfur flows on lo: Nature, v. 280, no. 5725,
RN SIEER TP AR OB PRGN outer scarp and central depression. Topo- volcanic centers. Anastomosing flows from single vents also 45°S. and 30° N., coinciding approximately with the equatorial p. 750-753. ) )
KILOMETERS P KSI(LJOMOETE:OS os  mem GdR 46 6 graphic data obtained by photoclinometry complicate mapping of volcanic units. On lo, these problems band where active volcanic plumes are found (Strom and Schaber, G.G., 1980, The surface of lo: Geologic units,
90° — | 10050 9 ©p 190 20 90° + | 1 | — —gee indicate high relief (Moore and others, 1986). are compounded by the existence of plume deposits and flows Scimelder, 1982). , _ L : morpholegy and tectenice: learus, . 43, mo. 3, p.
80° —/ [ l 80° I l ‘\ \\ \\ —80° Type area: lat 30°S., long 246°. Interpreta- that are derived from great distances and that may interweave Cong material (unit ¢), which forms ransed rms typlca!ly 302-333. ) ) )
700 —/ | \ 70° \\ \ \ N ~70° tion: Forms shield volcano composed of with flow units from local sources. Despite these diffigulties, sur.roundmg occurrences of patera floor material in equatonal —198_2, The ggology of Io, in Mo_rrxson, _Dawd, ed.,,
cor Il un\\\\\\ 60° e m\\\\\\\ - “ —— :gg: silicates and possibly sulfur many flows and other volcanic units are identified and, where regions qf lo, may also hgve beeq emplac.ed' as volcanic flows. Satellites of Jupiter: Tucson, University of Arizona Press,
= = Tholus material —Forms circular, shield-shaped possible, traced to their source vents. Due to its apparent relief and its proximity to a vent, the p. 556-597.
NORTH POLAR REGION SOUTH POLAR REGION features with well-defined outer scarp and materlal.would presgmably h'ave had a high ylelFl strength. Schaber, G.G., Scott, D.H., and Greeley, Ronald, 1989,
central depression. One occurrence at lat GENERAL GEOLOGY Alternatively, these rim deposits may be pyroclastic materials Geolog}c map of the R}Jwa Patera quadrar.'ngle.of lo: U:S.
19° S, long 324° has an elongate flow unit ) or erosional remnants of the layered plains. Geological Survey Miscellaneous Investigations Series
extending from near its central depression lo bas an overall de.r"nsny of 3.57 gm cm-3 (Burn.s, 1986, p. Patera floor material (unit pf) includes all units that can be . Map [-1980, scale 1:5,000,000. B
for more than 200 km to the south. Type 14), which suggests a silicate composmqn, and a dx.ameter of related directly to paterae, interpreted as calderas, and to other Sill, G.T., and Clark, R.N., 1982, Composition Qf the surfacgs of
area: lat 16° S., long 349° (Inachus Tholus). 3,642 km (Gaskell and others, 1988), similar to the diameter of vents of various types (including fissure vents). More than 300 the Galilean satellites, in Morrison, David, ed., Satellites
Interpretation: Tholi are low-relief, “dis- Earth’s moon. Earth-based observa.mons show .that lo is .the vents of all types have been identified (Masursky and others, of Jupiter: Tucson, University of Arizona Press, p.
coid,” shield volcanoes characterized by reddest object in the Solar System in the ultraviolet to visible 1979). Patera floor material constitutes about 5 percent of the 174-212.
North central eruptions of lava flows consisting of region of the spectrum. Its poles are relatively dark and its total mapped area. Calderas on lo average about 48 km across Sinton, W.M., and Kaminski, Charles, 1988, Infrared observa-
- 180° 150° 120° 110° 90° 80° 70° 60° 30° 20° 10° 0° 350° 300° 250° 240° 230° 220° 21@° 200° 190° 180"570 silicates, sulfur, or both; origin of basal scarp equatorial region is bright; the leading hemisphere is brighter in the equatorial region and 65 km across in the south polar tions of eclipses of lo, its thermophysical parameters, and
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from volcanic plumes, interbedded with fumarolic materials and
near-vent flows.

McCauley and others (1979) noted that mesas, hills, and
remnants of subdued scarps beneath layers of younger plains
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CORRELATION OF MAP UNITS albedo with low scarps. This unit constitutes about 40 percent Johnson, T.V., and Soderblom, L.A., 1982, Volcanic eruptions

of the area observed by Voyagers 1 and 2. Interpatera plains on lo: Implications for surface evolution and mass loss,

i L e MBLNIAN material was interpreted by Schaber (1982) as fallout deposits in Morrison, David, ed., Satellites of Jupiter: Tucson,

University of Arizona Press, p. 634-646.

Johnson, T.V., Veeder, G.J., Matson, D.L., Brown, R.H.,
Nelson, R.M., and Morrison, David, 1988, lo: Evidence
for silicate volcanism in 1986: Science, v. 242, no. 4883,

. material suggest multiple cycles of erosion and deposition. p. 1280-1283.

These disrupted, “etched” surfaces and their irregular “fretted” Kieffer,S.W., 1982, Dynamics and thermodynamics of volcanic

margins cannot be attributed to fluvial or eolian processes, eruptions: Implications for the plumes onlo, in Morrison,

given the conditions of the near-surface environment on lo. In David, ed., Satellites of Jupiter: Tucson, University of

addition, because of their relative youth, ionic bombardment Arizona Press, p. 647-723.

from Jupiter cannot account for these features. McCauley and Lunine, J.I., and Stevenson, D.J., 1985, Physics and chemistry

others (1979) proposed a sapping mechanism in which liquid of sulfur lakes on lo: Icarus, v. 64, no. 3, p. 345-367.
DESCRIPTION OF MAP UNITS INTRODUCTION SO9 is the dominant erosional agent. A hydrostatic condition Matson, D.L., Ransford, G.A., and Johnson, T.V., 1981, Heat

PATERA FLOOR MATERIAL

- Patera floor material—Smooth, generally mot-

tled deposits of low to high albedo in floors of
small to large, steep-walled, circular depres-
sions; some deposits associated with
observed thermal anomalies. In some areas,
such as at Euboea Fluctus (lat 46° S. | long
350°), the depressions are elongate and
appear to be bounded by subparallel, curvi-
linear scarps. Type area: lat 53° S., long
344° (Creidne Patera). Interpretation: Vol-
canic flows, pyroclastic deposits, sulfur-rich
fumarolic deposits, and possibly active or
extinct lava lakes in calderas or fissures;

unknown
- Lobate material—Broad to lobate, low- to moder-
ate-albedo, overlapping deposits of low relief

commonly associated with moderate-sized
to large vents. Type area: lat 19° N., long
275° (Daedalus Patera). Interpretation:
Lava flows, pyroclastic flows, or both, con-
sisting of silicates, sulfur, or both; appears to
overlie plains-forming material (unit fpf)

fpf Plains-forming material—Extensive, moderate-
to high-albedo, low-relief deposits commonly
originating from moderate-sized to large
(>100 km) vents; may appear mottled. Indi-
vidual flow units from a specific vent com-
monly cannot be identified within occur-
rence of this unit. Type area: lat 20°N., long
300° (Loki Patera). Interpretation: Lava
flows, pyroclastic flows, or both, consisting

of silicates, sulfur, or both

- Patera material—Long, narrow, overlapping, low-
to high-albedo deposits of moderate relief
that commonly originated from vents less

than about 50 km across. Unit forms wide-

lo, the innermost of the Galilean satellites of Jupiter, is one
of the most geologically active bodies in the Solar System. It is
dominated by volcanism and shows only minor surface modifi-
cation by tectonic processes or erosion. Impact craters are not
seen at the resolution of Voyager images, indicating the relative
youth of the surface (Smith and others, 1979) and its rapid
resurfacing by volcanic eruptions (Johnson and others, 1979).
As reviewed by Nash and others (1986), most of our knowledge
of lo is based on data obtained by Voyagers 1 and 2, which
encountered lo in 1979 and imaged about 35 percent of its
surface (fig. 1). Other information was obtained by Pioneer 10,
which flew past Jupiter in 1973, and from Earth-based observa-
tions and theoretical considerations (Matson and others, 1981,
Pearl| and Sinton, 1982; Goguen and Sinton, 1985; Lunine and

than the trailing hemisphere. (o is in synchronous rotation in its
orbit around Jupiter.)

The discovery of active volcanoes on lo is one of the
highlights of Solar System exploration. Consideration of the
forced eccentricity of lo’s orbit between those of Jupiter and
Europa and the resulting frictional heat generated within Io led
Peale and others (1979) to predict active volcanism on lo.
Subsequent analysis of Voyager images by Morabito and others
(1979) showed the presence of spectacular volcanic eruption
plumes driven by internal heat as high as 300 km above the
surface.

Nine active volcanic plumes were observed during the
Voyager 1 encounter (table 1; fig. 2). Their geometric and
thermal characteristics suggest two different eruption styles;
large, Pele-type plumes were emplaced by short-lived (days to
weeks), high temperature (~650 K) eruptions, whereas the
more common, smaller, Prometheus-type plumes were gener-
ated by longer lived (vears), lower temperature (<400 K)
eruptions (McEwen and Soderblom, 1983). For Pele-type
eruptions, velocities as high as 1 km s-1 carried sulfurous gases
and solids as high as 300 km above the surface. Pyroclastic
material was deposited at distances as far as 700 km from its
source vents. Of the nine active plumes observed during the
Voyager 1 flyby, one had ceased to be active 4 months later

could be established if the crust were fractured; molten SO9
would be driven toward the surface, and, at the triple point for
SOy, part of the liquid would begin to crystallize and the system
would expand, forming SO9 vapor. Upon reaching the surface
at or near a vent, the solid-fluid mixture could be released at a
velocity as high as 350 m s-1. At this velocity, the SO9 “snow”
could be sprayed as far as 70 km from the vent. The many bright
patches on lo may have formed by this mechanism. McCauley
and others (1979) suggested that newly formed scarps would be
rapidly eroded by undercutting and slumping, leading to the
formation of irregular, unstable margins. Withdrawal of support
from beneath the solid crust would cause collapse, generating
irregular surfaces. This sequence of processes would continue
until the local source of SO9 was depleted. Although the surface

region (Schaber, 1982), where, although generally larger, they
are less common than in lower latitudes. Calderas are more
randomly distributed on lo than on Earth, the Moon, or Mars,
where the local and global tectonic frameworks control the
locations of volcanic vents. Vent distribution on lo indicates
that the locations of vents and related “hot spots” (table 2) are
not influenced by strongly patterned convection cells.

STRUCTURE

Calderas exhibit complex morphologies suggestive of
multiple eruptions and enlargements by wall collapse. Calderas
range in depth from 0 km (vents level with the surrounding
surface) to more than 2 km (Schaber, 1982). The relatively high,
steep walls of some calderas may indicate that they are
composed dominantly of silicate materials (Clow and Carr,
1980). A correlation between low-albedo calderas, recent or
active volcanism, and thermal anomalies (hot spots) detected
by Voyager 1 infrared observations has been observed (McEwen
and others, 1985). The spectral properties of these dark
calderas are consistent with a variety of sulfur-rich materials,
including molten sulfur (Nelson and others, 1983). Quenched
sulfur allotropes are redder than these low-albedo features and
would not exist at the high temperatures associated with hot
spots (McEwen and others, 1985). Voyager 1 and 2 images

flow from lo (J1): Journal of Geophysical Research, v.
86, no. B3, p. 1664-1672.

Masursky, Harold, Schaber, G.G., Soderblom, L.A., and
Strom, R.G., 1979, Preliminary geological mapping of
lo: Nature, v. 280, no. 5725, p. 725-729.

McCauley, J.F., Smith, B.A., and Soderblom, L.A.; 1979,
Erosional scarps on lo: Nature, v. 280, no. 5725, p.
736-738.

McEwen, A.S., 1988, Global color and albedo variations on
lo: Icarus, v. 73, no. 3, p. 385-426.

McEwen, A.S., Johnson, T.V., Matson, D.L., and Soderblom,
L.A., 1988, The global distribution, abundance, and
stability of SO9 on lo: Icarus, v. 75, no. 3, p. 450-478.

McEwen, A.S., Lunine, J.I., and Carr, M.H., 1989, Dynamic

the thermal radiation of the Loki volcano and environs:
Icarus, v. 75, no. 2, p. 207-232.

Smith, B.A., and The Voyager Imaging Team, 1979, The Jupiter
system through the eyes of Voyager 1: Science, v. 204,
no. 4396, p. 951-971.

Strom, R.G., and Schneider, N.M., 1982, Volcanic eruption
plumes on lo, in Morrison, David, ed., Satellites of
Jupiter: Tucson, University of Arizona Press, p. 598-633.

Strom, R.G., Terrile, R.J., Masursky, Harold, and Hansen,
Candice, 1979, Volcanic eruption plumes on lo: Nature,
v. 280, no. 5725, p. 733-736.

Terrile, R.J., Johnson, T.V., Soderblom, L.A., and Strom,
R.G., 1981, Variable features on lo: National Aeronautics
and Space Administration Technical Memorandum
84211, p. 29-31..

U.S. Geological Survey, 1987, Shaded relief and surface
markings map, shaded relief map, and controlled photo-
mosaic of lo: U.S. Geological Survey Miscellaneous
Investigations Series Map [-1713, 3 sheets, scale
1:15,000,000.

Whitford-Stark, J.L., Mouginis-Mark, P.J., and Head, J.W.,
1990, Geologic map of the Lerna region, lo: U.S. Geo-
logical Survey Miscellaneous Investigations Series Map
[-2055, scale 1:5,000,000.

: A spread, low-relief shield volcanoes, typically ! ; show changes that occurred in the 4-month interval between ) . )
3 ] mapped as shield materials and undivided when Voyager 2 imaged lo, apd deposits from two new‘p]umes encounters; parts of the lava lake at Loki Patera may have Wilhelms, D.E., 1972, Geologic mapping of the second planet:
1 : flow materials by Schaber and others (1989). were observe_d. The VOlcamc.plumes are driven b%’ internal crusted over, while new vents appear to have developed in U.S. Geological Survey Interagency Report, Astroge-
- 3 : P SN 20° Individual flows from specific vents com- heating, possibly by a geyserlike mechanism involving sulfur other areas (Terrile and others, 1981; McEwen, 1988). Loki ology 55, 36 p.
] =1 j ] - monly identifiable. Type area: lat 8°S., long d'O_X‘de (SOg2), sulfur, or.both (Kieffer, 1982). Vog:amc resur- Patera has been suggested to be the primary source of excess Young, A.T., 1984, No sulfur flows onlo: Icarus, v.58,n0.2, p.
S = & 5 325° (Ra Patera). Interpretation: Flows of facing rates on lo are estimated to be between 10~ and 10 cm thermal radiation evident in eclipses of lo (Sinton and Kaminski, 197-226.
( P
k. = o ] silicates, sulfur, or both; may include pyro- yr-l (Johnson and others, 1979; Johnson and Soderblom, 1988). 1985, What color is the solar system?: Sky and
T : 3 1 clastic material. Low-albedo depasitsappar- 1982). The upper limit is consistent with rates of surface For a planetary object that is so volcanically active, Io Telescope, v. 69, no. 5, p. 399-403.
5 ] . i ently overlie older, high-albedo deposits; renewal necessary to account for an absence o,f impact craters. displays relatively few features that can be ascribed to tectonic
10° . 10° many flows appear channelized In general, the average natural color of Io’s surfage is pale processes except in the polar layered plains. Some scarps in
: - : ] 5 Undivided material—Overlapping deposits of yellow (Young, 1984, 1985; McEwen, 1988), but lo displays a Nemea Planum and near Babbar Patera may represent faults. - g orred R, i, 3 -
: : ] . varied albedo with mottled appearance; no large degree of spectral variability which, when enhanced These and other scarps are not associated with any obvious Only the named leatures relerred fo in lexi or tables are
= = e = . i g % Tge ’ ( ticularly in the violet and near.ultraviolet) results in various . " < identified on this map. See U.S. Geo]oglcal Survey (1987) for
: _ ~ . discernible relation with specific occurrence particularly 1 volcanic vents, nor do they form patterns diagnostic of large- identificati f all oth d feat
] : ; 3 of patera floor material. To northeast, precise shades of red, yellow, orange and brown. Many of these colors scale tectonic deformation. Grabens are typically not found on identiication of el ofher named features.
0° ] i & 0° .g boundaries of large complexes of unit are ha've been attributed to sulfur (Sagan, 1979) or to anhydrous the younger units, suggesting that tectonic forces on lo were of
] : ‘ ] T i w unclear due to low resolution of images. mlg.tures 02 sulfttxr al.lotro(p;es, 8102 fr(;)st; :nd Slillgfl;;m;jl sglts of greater magnitude in the past, that much of the surface is very
: : . = - Type area: lat 20°S., long 287°. Interpreta- sedium -and petassiuny fl-ana e and QUers; 3 etwen, young and has not yet undergone deformation, or that only with
- - A < ti(s)/:: Lava flows, pyroclagtic flows, orpboth, 1988; McEwen and others, 1988). Pieri and others ] (1984) age do the surface materials become strong enough to deform
1 ] ] 4 consisting of silicates, sulfur, or both; may described colors for some of the Ra Patera flow units and by brittle failure rather than ductile flow (Whitford-Stark and
] ] oL : ] include patera material (unit fp), lobate suggested that these flows may be sulfur allotropes or sulfur- others, 1990). Another feature, whose sharp boundaries suggest
—10° 1 ] A} = : —10° material (unit fl), plains-forming material ?ICh compounds;_ hc_)wever, Young (1984, 1985) argued that the a tectonic origin (McEwen and others, 1985), is the “south pole
] ] ] g ] (unit fpf), and fissure material (unit ff). Flow images used by Pieriand othe.rs (,1984) do not represent ;he tlrue ring” (table 2), an area of low albedo and elevated temperatures
] 1 ] 4 ] deposits cannot confidently be traced to clzl)lors on lo and do not indicate the presence of sulfur about 1,000 km in diameter.
7] i - source vent(s alleiropes. )
5 . PLAINS M( A)TERI ALS Considerable controversy has arisen regarding the com-
e ] I teeial—Vast v flat position of lava flows on lo. Spectral data indicate the presence GEOLOGIC HISTORY
—20° al U I R W R - —20° r nterzaterla nfla i“a —lbe?is l’) S ¥ a. of sulfur and sulfur-rich compounds (Sagan, 1979; Sill and Because most of the units exposed on the surface are
] 1 ‘ g epvtasllts orunt orkr)n @ 3 etthweelp pa erfae, Clark, 1982, p. 175-195). However, these materials may be only relatively younag, it is difficult to derive a geologic history for [o
¢ - . e a.m rlexre £f;l'at ens a.n.b]o Ter 1near. elal; thin deposits that mantle silicate flows (Carr and others, 1979). based on mapping. lo is assumed to have accreted at the same ) )
= 3 ;L;l;ess’ nol ki ;golirei V;S] € h ytpe a_re;]. “ d The morphology of the vents and flow materials is, for the most time as the other satellites in the Jovian system. Together with Table 1. Volcanic plumes and plume deposits on lo
] 1 | v on? " d' " irp rT a lofn.n ?0 part, typical of silicate volcanism observed on Earth. Sulfur the various young flows observed, volcanic plumes indicate a [from Strom an{i Schneider, 1982, and McEwen and others, 1989;
: : avasb,.py :O . 21; = ipOSl = WIEERENIL, AL exhibits unusual rheological properties: its viscosity increases highly active body that has been chemically differentiated coordinates from U.S. Geological Survey, 1987]
- 2 —30° - L cc:im mi lo.nl ?eo tensi levated as temperature decreases from 320 to 185 °C, then decreases through geologic time. On the basis of observations of current Volcanic plume/ Latitude Longitude
3 ayerle mg elqa _f orr(ri]s e? e?bs “::le’ S e" ’ rapidly while cooling to 160 °C; below that temperature the activity, a mass equivalent to the entire mass of lo is estimated plume deposit
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